ABSTRACT. The longitudinal changes in fecal steroid hormone concentrations and sexual behavior in 2 mated/pregnant and 3 non-mated female Hokkaido brown bears were investigated during the breeding season. Behavioral estrus (standing) lasted for 14 and 32 days in the mated females and for 25 to 36 days in the non-mated females. In non-mated females, sexual behavior, such as female-female mounting and masturbation, was observed for several days before and after the estrous period. In mated females, mean fecal estradiol-17β concentrations were higher in the estrous period than in the post-estrous period, while fecal progesterone concentrations were higher in the post-estrous period than in the estrous period. The similar trends of steroid hormone changes were observed in the non-mated females.
The breeding season of brown bears (Ursus arctos) extends from May to July [1, 4, 7] . In the presence of males, duration of estrus varies from 1 to 50 days among individuals under free-ranging [1] and captive condition [3, 7] . Little information is available on the type and length of estrous cycle of the brown bears, and detailed information on endocrine events during the breeding season is essential to understand the reproductive characteristics of the bears. Fecal steroid hormone monitoring would enable to document detailed endocrine changes without anesthetizing animals. In the present study, we analyzed the interaction between the daily changes in sexual behavior and fecal steroid hormone concentrations in mated/pregnant and non-mated female Hokkaido brown bears (Ursus arctos yesoensis) to elucidate whether and how the sexual activities would be influenced by mating and/or pregnancy.
All animals were kept at Noboribetsu Bear Park (Noboribetsu, Hokkaido, Japan) and provided consistent diets throughout the experimental period. A multiparous 12-year-old female and a nulliparous 9-year-old female (female A and B) were housed with 25-year-old male and 8-year-old male, respectively, in separate indoor enclosures from May 7 to July 19, 1998 (Table 1) . After pairing, both females were group-housed with other females until November and were housed individually from December 1998 to April 1999. Female A and B produced 2 and 3 cubs, respectively, in January 1999. Three nulliparous females of 6-year-old (female C, D and E) were group-housed with other 7 females in an outdoor/indoor enclosure (Table 1) . They were separated from males with grid walls and visual, auditory, and olfactory stimuli from males were available. Fecal samples were collected from each animal once a day immediately after voided between May 10 to July 17, 1998. Each fecal sample was well mixed, divided into several portions of 10 cm 3 and stored at -20°C until analysis. Sexual behavior of the group-housed females was observed for 10 min at 30 min intervals from 6:00 to 17:30, and that of the breeding pairs was observed as the same manner as above from 6:15 to 10:00 and from 16:30 to 18:00. The occurrences of the following sexual behavior were recorded: "mounting", mounting to others, "standing", standing firmly while being mounted by others; "presenting", protruding the hip to others demanding to mount; and "masturbation", massaging the own vulva with forefeet. Frequency (occurrences/hour) of each behavior was calculated daily. Estrous period in each female was defined as the period between the first and the last days on which "standing" was observed. When "standing" was observed at the beginning of the observation period, the duration of estrus was calculated from the first day of the experiment.
Fecal steroids were extracted using the procedures described previously [6] . Briefly, frozen fecal portions were dried and pulverized. The fecal powder of 0.25 g was shaken with 3 ml of distilled water for 10 min and with 10 ml of diethyl ether for another 10 min. The ether phase was decanted and evaporated to dryness. Dried materials were reconstituted in 0.5 ml of ethanol and used for assays. Estradiol-17β and progesterone concentrations were determined using competitive double antibody enzyme immunoassays. All samples were assayed in triplicate. Correlations among fecal steroid hormone concentrations and the frequencies of sexual behavior were examined for the breeding pairs and group-housed females. Fecal steroid hormone concentrations in each female were compared between the 2 periods (estrus and post-estrus) using Mann-Whitney U-test. The values were considered significantly different when p values were smaller than 0.05.
There were significant correlations between the frequencies of "presenting" and "standing" both in mated ( Fig. 1 ) and non-mated (Fig. 2) females (r=0.69 and 0.67, respectively); except female D which did not show presenting throughout the experimental period (Fig. 2) . Although the reason for the absence of presentation in female D was unclear, it can be attributed to the presence of social interactions like hierarchy among herdmates which might make difficult her demanding to mount. Both mated females did not show "masturbation" throughout the experimental period maybe due to the presence of the males. The items of sexual behavior described in the present study may reflect the state of sexual activities to some extent; however, their physiological values seemed to be impaired by social interactions among females. Further, the items of the sexual behavior can not be the solo indicators for the detection of the optimum time of mating since any cyclicity and trends indicative of estrous cycle were not found in the frequencies. No correlation was found between concentrations of steroid hormones and the frequencies of sexual behavior.
In all females, the estrous period terminated by mid June (Figs. 1 and 2) , and the estrous durations were 32 and 14 days in mated female A and B, and 28, 25 and 36 days in non-mated females C, D and E, respectively ( Table 1) . The duration and the timing of estrous termination was similar among the females, although we did not determine the actual beginning of the estrus in female B and E. Mated females did not show "presenting" after the estrous periods; while in non-mated females, "presenting", "mounting" and "masturbation" were observed till 9 to 23 days after the estrous periods. Fertile copulation might be responsible for the rapid termination of sexual activity in mated females. In non-mated females, female-female interaction might be associated with the prolonged sexual activities. It is known 13.8 ± 3.8** 9.3 ± 2.2 6.5 ± 4.1 9.4 ± 2.6**
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Steroid hormone concentrations were shown in means ± SD (ng/g dry weight).
Values with asterisks were significantly higher than those of the other period within each animal (* p<0.05, ** p<0.01). Fig. 1 . Longitudinal changes in estradiol-17β (--) and progesterone (--) concentrations (ng/g dry weight) and the frequencies (occurrences/hour) of sexual behavior in the mated females. Bars ( ) represent the estrous periods determined by the presence of "copulation". The items of sexual behavior were defined as follows; "presenting": females protruded the hip to the males demanding to mount, and "copulation": females stood for mounting and thrusting of males.
that the cows near in estrus and in post-estrus sometimes form "sexually-active group" with an estrous cow in the herd, and repeat female-female mounting for several days before and after the estrus [2] . As reported in cows, the sexual activities observed in the non-mated bears for several days before and after the estrus suggest that the bears in estrus influence the sexual activities of the other herdmates.
Estradiol-17β concentrations in the mated females were higher in the estrous period than those in the post-estrous period, while progesterone concentrations increased in the post-estrous period ( Fig. 1 and Table 1 ). These changes were in agreement with the previous findings [8] [9] [10] and suggest that ovulation and the formation of corpora lutea occurred around the end of the estrous period. Serum estradiol-17β levels were higher during the period when copulation was observed (May) than in the post-breeding period (July) in American black bears [8] and a small increase of serum progesterone was observed after copulation in brown [10] and American black bears [8] . However, we could not determine which copulations were fertile since copulation with quivering, a sign of ejaculation [9] , were observed multiple times [data for quivering not shown]. Further, any common patterns that may indicate the type and the length of the estrous cycle and the exact timing of ovulation were not found in the changes of estradiol-17β and progesterone. It seems that further study is needed before concluding if fertile copulation terminates estrus in brown bears.
In non-mated females, similar trends of steroid hormone changes to the mated females were observed (Table 1) , although the differences in the hormone concentrations between estrous and post-estrous periods were not significant in some cases (progesterone in female D, p=0.33; estradiol in female E, p=0.51). The trend of a small increase in progesterone concentrations after estrous period in the nonmated females suggests the occurrence of pseudopregnancy that is often reported in captive brown [10] and black bears [5] .
The present study provided a preliminary information about the duration of estrus and hormone-behavior interactions in mated/pregnant and non-mated female brown bears. Since the influences of social interactions among females appeared to make it difficult detecting the cyclicity or trends of individual estrus based on behavioral changes, better indices for estrus are required. Further, useful means of detecting ovulation and the optimum time of mating are essential for determining the type and duration of estrous cycle.
